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A VEHICLE AND A METHOD FOR CONTROL 
THEREOF ~ 



15 FIELD OF THE INVENTION AND PRIOR ART 

The present Invention concerns a vehicle and a method for con- 
trolling the stability against tip|5ing of the vehicle according to 
the preamble of the attached independent vehicle and method 
20 claims respectively. 

The vehicle can be of any type that is intended for a use In 
which the risk of the vehicle tipping over exists and therefore an 
arrangement to determine the position of the vehicle's tipping 

25 point is neces.sary. It will be apparent that the invention is 
specially intended for vehicles equipped with lifting units to lift 
loads, which can substantially displace the vehicle's tipping 
point by having significant weight and/or displacement relative 
to the vehicle's own centre of gravity. The invention is therefore 

30 particularly related to industrial trucks, and such, for lifting and 
transporting loads, mainly at industrial sites, warehouses or 
loading yards. It Is however even possible that the risk of the 
vehicle tipping over is dependent on the fact that it driven over 
uneven ground, which can displace the vehicle's tipping point 

35 outside the stability area. 
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In order to Illustrate the Invention, but not in any way to limit the 
Invention, a vehicle In the form of an industrial truck will mainly 
be described hereafter. 

5 The reason why a vehicle is provided with a frame part that is 
pivotable relative to the chassis in this way around a so-called 
swing axle is that the vehicle can thereby move over uneven 
ground in a significantly more comfortable way than if the frame 
part was locked relative to the chassis since, because of this, 

10 the vehicle will not lean as much to the side as would otherwise 
be the case. 

However this means that the vehicle's stability area, I.e. the 
area, defl;5ied in the horizontal plane, within which the vehicle's 

15 centre of gravity has to be located so that the vehicle will not 
tip, mdre particularly a triangle defined by both of the wheels 
located on the first side and the swing axis' point on the other 
side, becomes smaller. In order to prevent the vehicle from 
overturning In situations which It would have managed In the 

20 case of fixing the frame part relative to the chassis it is known to 
arrange said means for locking the frame part relative to the 
chassis on the orders of the arrangement. However when this 
takes place one refrains from the advantages that pivoting 
possibilities around the swing axle entail. If the vehicle's tipping 

25 point is later , displaced further towards the stability area's 
boundary an emergency stop will eventually be required, which 
prevents the vehicle from carrying out manoeuvres other than 
those that bring the tipping point nearer to the centre of the 
stability area. 

30 

SUMMARY OF THE INVENTION 

The aim of the present invention is to provide a vehicle and a 
method according to the type defined in the introduction which 
35 improve the behaviour and way of driving s.uch a vehicle in 
relation to such known vehicles and methods. 



wo 2004/007223 



PCT/SE2003/001071 



3 



This aim is achieved according to the invention by designing the 
means for locl(ing the frame part relative to the chassis of such 
a vehicle where said means is designed to co-operate with the 
5 arrangement so that when the vehicle's tipping point reaches a 
boundary area of the stability triangle the means starts to 
gradually increase the resistance against a pivoting of the frame 
part relative to the chassis about said axis on increasing depar- 
ture of the tipping point from the triangle's centre so as to 
10 gradually increase the stability area and when said tipping point 
reaches a pre-determined boundary to completely fix the frame 
part relative to the chassis and form a stability area to be de- 
fined by said wheels V 

15 This makes the same stability possible as that obtained with 
said known vehicles and at the same time the advantageous 
movement, that the movabllity of the frame part relative to the 
chassis offers when driving ov^r uneven ground, can be main- 
tained in an increased number of the vehicle's driving situations. 

20 This movability and the advantages with it will thereby become 
more and more limited the further the tipping point moves from 
the stability triangle's centre until it eventually totally dis- 
appears. 

25 According to a preferred embodiment of the invention the ar- 
rangement is' designed to receive parameters necessary for cal- 
culating the position of the vehicle's instantaneous centre of 
gravity from sensors included in the vehicle and/or means for 
controlling the vehicle's operation, to calculate the position of 

30 the vehicle's instantaneous centre of gravity, and the ar- 
rangement is arranged to determine the position of said centre 
of gravity by calculating the position of the vehicle's instantane- 
ous centre of gravity. It is therefore advantageous if the ar- 
rangement Is arranged to carry out calculations to determine the 

35 position of the boundary layer and the predetermined boundary 
while considering the vehicle's instantaneous velocity to reduce 
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the area within the respective boundary as the vehicle increases 
its velocity, so that there is a margin to the stability area's outer 
boundary as regards the tipping point's placement so as to be 
able to carry out relatively abrupt swings of the vehicle at the 
5 velocity existing at a particular moment without the risk of tip- 
ping. 

According to another preferred embodiment of the invention said 
means Is arranged to engage a resistive force to counteract the 

10 relative movement between the frame part and the chassis in- 
termittently during time periods, whose length per unit time is 
controlled to increase In order to achieve said gradual increase. 
This provides a simple way of achieving an increasing expan- 
sion of the, stability area In the vicinity of said other side of the 

15 vehicle. 

According to another preferred embodiment of the invention said 
means comprises longitudinally variable pressure medium influ- 
enced power means, arranged to act between the frame part 

20 and the chassis, having two pressure chambers connected to 
one another via an outer by-pass conduit with valve means, and 
disposed on both sides of a piston, and the valve means are 
adjustable so as to effect the pressure medium's capability to 
flow from the first chamber to the second chamber and thereby 

25 the resistance against a displacement of the piston and a length' 
change of the- power means. The power means can thereby ad- 
vantageously be a hydraulic cylinder. The inventive solution can 
hereby be realized by simple means by controlling the valve 
means' degree of throttling, and when the valve means is totally 

30 closed the frame part will be totally locked relative to the chas- 
sis and the stability area will be defined by the vehicle's wheels. 

The invention even relates to a method according to the at- 
tached method claims. The advantages with this method and the 
35 advantageous embodiments thereof defined in the independent 
method claims are apparent from the above description. 
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According to another aspect of the invention a vehicle of the 
type defined in the introduction comprises means to attach each 
said wheel on the second side of said frame part which is de- 
5 signed to give the wheel a fixed position relative to the frame 
part and thus to ensure that the frame part has a fixed distance 
to the ground on which the wheel is resting on application of a 
load to the wheel below a pre-determined level, which exceeds 
the normal load on the wheel when the vehicle is standing on 

10 horizontal ground, and to allow a movement of the wheel in the 
direbtion towards the frame part on exceeding said determined 
level of the load on the wheel while storing potential energy and 
decreasing the distance between the frame part and the ground 
on which the wheel is resting at the wheel. This makes It possi- 

15 ble to further reduce the leaning of the vehicle laterally If it is 
driven over an obstruction with' one of the wheels on the second 
side with high velocity, so that the risk of tipping the vehicle 
over due to the relatively high velocity of the vehicle is reduced. 
According to a preferred embodiment of the invention said 

20 means are designed to attach the wheels to the frame part so 
that the said pre-determined level of load is adapted so that it is 
exceeded on driving the vehicle with the wheels in question over 
an obstruction at a velocity above a pre-determined velocity. 

25 Advantageously said means for fixing the wheels to the frame 
part comprises a resilient member for each wheel arranged be- 
tween the frame part and a part that carries the wheel's axle, 
the resilient member is arranged to be pre-loaded against stop 
means arranged to prevent the resilient member from releasing 

30 potential energy by distancing the frame part from the part car- 
rying the wheel axle, and the degree of pre-loading of the resil- 
ient member is adjusted to determine the said pre-determined 
level of load. The inventive function is hereby ensured by simple 
and reliable means by a resilient behaviour of the wheel device 

35 on sudden high loads but an arrangement of the wheel being 
otherwise inelastic and non-resilient. 
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The invention even relates to a computer program and a com- 
puter readable medium according to the corresponding attached 
claims. It is considered to be apparent that the method 
5 according to the invention defined in the attached set of claims 
is well suited to be carried out via program instructions from a 
processor that can be influenced by a computer program 
containing the program steps in question. 

10 Further advantages of the invention and advantageous feature^s 
thereof will be apparent from the other dependent claims and 
the following description. 



15 



BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments will be described below as examples 
with reference to the attached drawings, in which: 



Fig 1 schematically Illustrates the general structure of a ve- 
20 hide of the inventive type, 

Fig 2 schematically illustrates how a vehicle built according 
to Fig 1 behaves on movement over uneven ground, 

25 Fig 3 is a simplified side view illustrating how the tipping 
point of a vehicle of the inventive type can be moved on 
displacing a load, 

Fig 4 is a rear view of the vehicle according to Fig 3 illus- 
30 trating how the centre of gravity is laterally displaced 

when the vehicle leans sidewards. 



35 



Fig 5 



is a simplified view illustrating the structure of the ve- 
hicle according to a preferred embodiment of the in- 
vention, 



wo 2004/007223 



7 



PCT/SE2003/001071 



is a simplified view from above of a veliicle according 
to the invention illustrating its stability area, 

is a view illustrating the device at a wheel of a vehicle 
according to a preferred embodiment of the invention, 
and 

illustrates in a very simplified way what happens when 
a vehicle with a wheel device according to Fig 7 drives 
over an obstruction with a velocity exceeding a prede- 
termined level. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
OF THE INVENTION 

15 

Fig 1 illustrates very schematfcally the structure of the under 
carriage of the vehicle of the inventive type. It shows a sche- 
matically indicated chassis 1 and- two mutually separated wheels 

3 arranged on a first side 2 of the chassis and two mutually 
20 separated wheels 5 on the opposite, second side of the chassis 

4 for carrying the chassis. The wheels 3 on the first side are ro- 
tatable around axes which are substantially fixed in position in a 
vertical plane relative to the chassis, and the wheels 6 on the 
second side are arranged on a frame part 6 that is pivotably ar- 

25 ranged relative . to the chassis about a substantially central 
longitudinal axis running between the first and second side of 
the vehicle to create a stability area for the vehicle in the shape 
of a triangle in the horizontal plane (see Fig 6). The frame part 
is thereby arranged on the opposite side of the vehicle with 

30 respect to the lifting unit 7 for lifting the load which is also 
shown in Fig 3, which Is therefore arranged on the side where 
the wheel's axes are substantially fixed in position in the vertical 
plane. 

35 When a wheel of a vehicle of this type is driven over an obstruc- 
tion the frame part 6 will be able to pivot about the axis 8 rela- 



Fig 6 
Fig 7 

5 

Fig 8 

10 
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tlve to the chassis in the way shown in Fig 2, so that the chassis 
does not lean as much as it would if the frame part were fixedly 
attached to the chassis. 

5 Fig 3 schematically illustrates how the vehicle's lifting unit lifts a 
load 9 with forks 10 on a projecting beam 11. The beam's arm 
as well as the load's height and weight will effect the vehicle's 
tendency to tip forwards. The vehicle comprises a schematically 
indicated arrangement 12 to determine the position of the ve- 

10 hide's tipping point. For this reason the vehicle has schemati- 
cally indicated means 13 to measure the weight of the load, for 
example by measuring the pressure in a hydraulic system which 
js used to lift the load, and sending that information to the ar- 
rangement 12. Other means 14 provide the arrangement with 

15 information about the size of the load's overhang and the height 
of the'load. The vehicle even has a schematically Indicated sen- 
sor to detect the vehicle's leaning relative to the horizontal 
plane and to provide that information to the arrangement 12. 
The arrangement even has knowledge of the vehicle's dead 

20 weight and centre of gravity G position in the unloaded position 
with the beam not extended. On the basis of the information 
available to the arrangement 12, the arrangement 12 can con- 
tinuously determine the position of the vehicle's tipping point 
and whether any risk of the vehicle tipping over exists. 

25 

Fig 4 schematically illustrates how the vehicle's tipping point 
can be laterally displaced in the cases where the vehicle with 
the load 9 leans sideways, for example by driving over an ob- 
struction. The vehicle even has sensors 16 for reporting such a 
30 sideways leaning to the arrangement 12. 

The vehicle according to the invention also has means 17 shown 
in Fig 5 to lock the frame part relative to the chassis on the or- 
ders of the arrangement to increase the vehicle's stability area 
35 to be defined by the wheels in the way that will be described 
with simultaneous reference to Fig 6. When the frame part is 
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freely pivotable relative to the chassis about the axis 8 the 
vehicle's stability area is defined by a triangle 18 shown in Fig 
6. The arrangement is arranged to continuously determine the 
position of the vehicle's centre of gravity T In the horizontal 
5 plane and when this reaches a boundary area indicated by the 
dashed line 19 on increasing departure of the centre of gravity 
or the tipping point from the triangle's centre the resistance 
against pivoting of the frame part relative to the chassis about 
the axis 8 is gradually increased, so that the stability area is 

10 gradually increased as Illustrated by the dashed lines 20 and thp 
arrows 21, until complete fixing of the frame part relative to the 
chassis takes place and a stability rectangle 22 Is obtained. For 
this reason said fixing means comprises a hydraulic cylinder 23 
between the frame part 6 and the chassis 1 with two pressure 

15 chambers 25, 26, that are interconnected via a by-pass conduit 
27 with a valve means 28. An accumulated tank 29 Is attached 
to the by-pass conduit to ensure that a certain pressure exists in 
the by-pass conduit. The controhmeans 12 Is arranged to control 
the valve 28 and thereby the resistance against movement of 

20 the piston 24 Inside the hydraulic cylinder 23 and thereby the 
frame part relative to the chassis. When the valve means 28 is 
completely open the piston 24 can move freely in the cylinder 23 
by displacing hydraulic liquid from one pressure chamber to the 
other via the by-pass conduit. If the valve means 28 is instead 

25 closed, the hydraulic cylinder 23 will function as a rigid bar and 
totally fix the frame part relative to the chassis. Said means 17 
is arranged to achieve the gradual increase of the vehicle's 
stability area by intermittently, in a regulating, possibly pulsating 
way open and close the valve means with an increasing ratio of 

30 closed time to open time. 

The arrangement 12 Is further arranged so that In the cases 
where the tipping point reaches a position distant to the stability 
area's outer boundary, i.e. when It leaves a so-called safety 
35 zone indicated here by, region 30, the drive means of the vehicle 
will be fixed so as only to be able to carry out movements of the 
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vehicle having a stabilising effect to move the vehicle's tipping 
point away from the stability area's outer edge. This means that 
the vehicle for example can no longer be driven and the lifted 
load has to be lowered and carried nearer to the vehicle before 
5 the vehicle becomes operational again. 

The vehicle has a sensor 31 to detect the vehicle's velocity ar- 
ranged to send velocity information to the arrangement 12, so 
that the position of said boundary area edge 1 9 and the safety 
10 zone boundary 30 can be determined considering this velocity in 
order to decrease the area inside the respective boundary on 
increasing vehicle velocity. 

Fig 7 illustrates how, according to a preferred embodiment of 

15 the invention, each wheel 5 of said second side at said frame 
part comprises a means 32 arranged to give the wheel a fixed 
position relative to the frame part and thereby to give the frame 
part a fixed distance to the ground on which the wheel is resting 
on application of a load to the wheel below a predetermined 

20 level, which exceeds the normal load on the wheel when the ve- 
hicle is standing on horizontal ground, and to allow a movement 
of the wheel in the direction towards the frame part on exceed- 
ing said determined level of the load on the wheel while storing 
potential energy and decreasing the distance between the frame 

25 part and the ground on which the wheel is resting at the wheel. 
More particularly means 32 comprises a resilient member 33 in 
the form of a mechanical compression spring, that is arranged to 
be preloaded against stop means 34 arranged to prevent the 
resilient member from releasing potential energy by distancing 

30 the frame part from the part 35 carrying the wheel axle. The 
degree of preloading of the resilient member is thereby adjusted 
to determine said predetermined level of load, and 
advantageously this is done so that this level is exceeded on 
driving the vehicle with the wheels in question over an 

35 obstruction with a velocity over a predetermined velocity. 
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Fig 8 shows very schematically the effect that the. spring 13 has 
on the vehicle's behaviour on driving over an obstruction 36 with 
a wheel 5. This therefore means that the vehicle's leaning will 
be reduced just when it is most critical, i.e. when the velocity is 
5 high. 

The invention is of course not in any way limited to the preferred 
embodiments described above, but a number of modification 
possibilities should be apparent to a person skilled in the art, 
10 without him having to deviate from the basic idea of the inven- 
tion as defined in the attached claims. 

F,or example it would theoretically be possible to arrange means 
that more continuously increases the resistance against pivoting 
15 of the frame part relative to the chassis on said increase of dis- 
tance of the vehicle's tipping point from the' stability area's cen- 
tre, pneumatically or electrically for example. It would even be 
possible to give the valve means shown a step-lessly variable 
degree of throttling. 

20 

The compression spring shown in Fig 7 could be replaced by a 
gas spring. 

As regards the use of the words "horizontal" and "vertical" in 
25 this document in relation to the vehicle, these directions apply 
when the vehicle is resting on horizontal ground, and axes, and 
such, are of course differently directed on driving on sloping 
ground or over obstructions. 

30 "Substantially central longitudinal axis of the vehicle" should be 
interpreted relatively broadly. This longitudinal axis can at any 
time be displaced in a transverse direction relative to the vehi- 
cle's centre to compensate for a lateral displacement of the ve- 
hicle's centre of gravity relative to its centre. Such a 

35 displacement can for example depend on the fact that a lifting 
unit, a beam or such is positioned on one side of the vehicle. 
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and even the pivoting axis is then arranged somewhat displaced 
towards that side relative to the centre. 



